A number of restriction fragments that function as autonomously replicating sequences (ARSs) in yeast have been isolated from Drosophila melanogaster DNA. The behaviour in yeast of plasmids containing Drosophila ARS elements was studied and compared to that exhibited by the archetypal yeast ARS-1 plasmid. ARS functions were localised by subcloning and BAL-31 deletion analysis. These studies demonstrated the structural and functional complexity of Drosophila ARSs. Each Drosophila ARS element has at least two domains, one essential for replication (the replication sequence, RS) and a second (the replication enhancer, RE) which is essential for maximum function of the RS. The RS of three Drosophila ARSs was shown to contain a sequence identical to an 11 bp yeast ARS consensus sequence (5' A/T TTTATPuTTT A/T 3'). These observations lend support to the hypothesis that heterologous ARS elements may be of biological significance.
INTRODUCTION
replication initiates specifically in the region of yeast ARSs (7) and purified protein complexes involved in replication bind specifically to DNA fragments which contain ARS elements (8) .
ARSs have also been identified in DNA from other eukaryotes. For example, Neurospora crassa, Zea mays (9) , Drosophila melanogaster satellite DNA (10), mouse chromosomes (11) and as we have previously reported, human chromosomal DNA (12) . No ARSs have been isolated from bacterial chromosomal DNA (9) . It is possible that the sequences isolated from eukaryotes which have ARS activity in yeast may be involved in DNA replication in their respective homologous system. Detailed analysis of the structural requirements for the function of yeast ARSs (13, 14) and two human ARSs (12) reveals that ARS structure is complex. Each ARS element can be divided into several functional domains, a core replication sequence (RS) essential for replication and one or more replication ehnacers (RE) which have no inherent capacity for replication, but which augment the function of the RS. In this paper we describe the isolation and a structural and functional analysis of ARSs from Drosophila melanogaster chromosomal DNA and discuss their potential biological relevance.
MATERIALS AND METHODS

Strains
The E. coli strain used was AKEC28 (C600, thrC, leuB6, thyA, trpC1117, hsdRk, hsOAlKj • : Yea»i.' throughout t"« study refers to the MD40-4c strain (a, ura2, leu2-3, Ieu2-112, his3-ll, his3-15) of the budding yeast Saccharomyces cerevislae. The Oregan-R wild type strain of Drosophila melanogaster was used. Media E. coli were grown in Luria broth (15) . Yeast media were prepared as described by Sherman et al• (16) .
Enzymes
Calf intestinal phosphatase was purchased from Boehringer. Other enzymes were from Betbesda Research Laboratories (BRL). All enzymes were used according to the suppliers instructions.
Yeast transformation
The method of Hinnen et al. (17) was used.
Analysis of yeast transfonnants
The ploidy of the yeast transformants was determined by measuring the frequency of mutation to canavanine resistance as described previously (18 
Southern transfers, hybridisation and in vitro labelling
DNAs were fractionated by agarose gel electrophoresis and fragments transferred to nitrocellulose paper by the method of Southern (24).
Fragments to be used as probes were isolated from agarose gels according 
RESULTS
Isolation of Drosophila fragments with ARS activity
The plasmids pMA700, p.MA300 and pYR7A rely upon integration into the The deletion derivatives that were generated for DmARS-2 and -6 and their corresponding phenotype in yeast are illustrated in Fig. 3 . For DmARS-2, derivatives 2A1-2A5 (Fig. 3a) demonstrate that sequences essential for autonomous replication reside in the 200 bp between 2A1 and 2A2. Deletion derivatives 2A2-2A5 produced small transformants at a relatively low frequency but they could never be subcultured in selective medium and they did not arise when the TRP1 or HIS3 selectable markers were used. Fig. 3b) whilst not functioning as an ARS in its own right, was essential for conferring the maximum replication competence and/or mitotic stability on a plasmid containing an RS, and as such was functioning as an RE.
Nucleotide sequence of ARS elements
The nucleotide sequence of DmARS-2 ( 
